AWARD NUMBER: W81XWH-13-1-0321

TITLE: The Role of the Noncanonical NF-KappaB Pathway in Colon Cancer

PRINCIPAL INVESTIGATOR: Yatrik Shah

CONTRACTING ORGANIZATION: University of Michagan, Ann Arbor, Ml 48109

REPORT DATE:  August 2016

TYPE OF REPORT: Final

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.



REPORT DOCUMENTATION PAGE oM NG o788

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED 30 Sep 2013 -
August 2016 Final 29 May 2016
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

W81XWH-13-1-0321

5b. GRANT NUMBER

The Role of the Noncanonical NF-KappaB Pathway in Colon Cancer W81XWH-13-1-0321

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Yatrik Shah 5e. TASK NUMBER

5f. WORK UNIT NUMBER
E-Mail:shahy@umich.edu

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

Department of Molecular &
Integrative Physiology
7712B Med SciII

1137 E Catherine Str

Ann Arbor, MI 48109

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

U.S. Army Medical Research and Materiel Command

Fort Detrick, Maryland 21702-5012 11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Inflammation is an essential mechanism leading to progression of colon cancer. We have found that in mouse models of
colonic intestinal inflammation and in inflammatory bowel disease samples that the non-canonical NF-kB2 signaling cascade
is highly activated in intestinal epithelial cells compared to normal control. Mice disrupted for NIK in intestinal epithelial cells
were highly susceptible to several mouse models of colitis as assessed by histology, colon length and body weight loss. These
mice demonstrated a significant increase in apoptosis, with a robust regenerative proliferative response compared to wild-type
mice. NIK knockout mice also exhibited increased the colonic tumor number and tumor burden following AOM + DSS model
of colon cancer. Interestingly, mice which overexpress NIK in intestinal epithelial cells were also susceptible to mouse models
of inflammation and cancer. Conclusions: Together these data suggest an important rheostatic role of NF-kB2 signaling in
intestine. Future work is focusing on the precise mechanism by which NF-kB2

signaling can modulate intestinal inflammation.

15. SUBJECT TERMS
Colon cancer, Inflammation, NF-KappaB2

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
Unclassified code)
Unclassified Unclassified Unclassified 7

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




N

w

>

(621

(o3}

~

oo

©

Table of Contents

Page

INErOAUCTION ... . e e e e e e e, 4
c KEYWOIdS. ..o 0B

. ACCOMPlISIMENTtS. .. ..., 4

. Changes/Problems............ccoiiiii i el 0
c PFOTUCTS. .. 6
Participants & Other Collaborating Organizations...............7
. Special Reporting Requirements................ccceevvevvviveeeeenn . N/A

c APPENAICES. .ttt et e e e e e N/A



INTRODUCTION:

There is a great need for mechanistic studies in colon cancer as this may provide for the
development of alternative treatment strategies for this disease. The canonical NF-kB1
pathway is well documented as a critical signaling pathway in intestinal inflammation
and colon cancer (1). Our data has uncovered an essential role for the non-canonical NF-
kB2 pathway in mediating intestinal inflammation. The NF-xB2 pathway demonstrates
distinct regulatory and signaling components to the canonical pathway. The non-
canonical pathway is specifically activated by NF-kB-inducing kinase (NIK) leading to
activation of the p52/RelB dimer (2). The long-term goals of this study are to determine
the molecular mechanisms by which NF-kB2 regulates inflammation and the implication
of this regulation in colon cancer progression. The experimental focus of this

proposal is on the regulatory role of NF-kB2 pathway in the pathogenesis of colon cancer
through the following Specific Aims:

Aim 1: Determine mechanisms by which intestinal NF-kB2 pathway is activated in
colon cancer. Our preliminary data demonstrates that hypoxia can robustly stimulate
NIK activity. The goal of this Aim will be to assess how hypoxic signaling interacts with
the NF-kB2 pathway, and understand the importance of this crosstalk in colon cancer.
Aim 1.1: Assess the requirement of HIF-1a and/or HIF-2a in hypoxia induced NF-kB2
activation.

Aim 1.2: Assess if HIF signaling is essential for NF-kB2 activation in colon tumors.

Aim 1.3: Characterize the role of caveolin-1 in HIF-mediated NIK stabilization.

Specific Aim 2: Determine the requirement for the non-canonical NF-kB2 pathway
in colon cancer. This Aim will assess the role of NF-kB2 activation in cell proliferation
and survival in colon cancer-derived cell lines. In addition, this Aim will utilize two
mouse models we have developed, the intestine-specific NIK overexpressing and the
intestine-specific NIK knockout mice. We will assess the role of NIK in the progression
of colitis-associated colon cancer and sporadic colon cancer.

Aim 2.1: Characterize the role of Stat3 in NIK-mediated increase in cell proliferation
and survival.

Aim 2.2: Test the effects of intestine-specific NIK disruption or overexpression on the
progression of sporadic colon cancer.

Aim 2.3: Test the effects of intestine-specific NIK disruption or overexpression on the
progression of colitis-associated colon cancer.

KEYWORDS:
NIK, NF-kB2, colon cancer, ulcerative colitis, Crohn’s Disease, hypoxia, HIF1a, HIF2a,
EPASI.

ACCOMPLISHMENTS:

Overall we demonstrated that NIK expression has a rheostatic mechanism in regulating
colitis-associated colon cancer. Our major tasks have been fulfilled as outlined in our
previous progress reports. For Aim 1 we have shown in year 1 and 2 progress reports that
HIF-2a signaling is a critical mechanism leading to NIK activation. This is mediated by



the HIF-2a target gene caveolin-1. We further show in year 1 progress report that
caveolin-1 interaction with Traf2 is critical for this regulation.

For Aim 2 we reported in year 1 progress report that STAT3 did not mediate growth
following NIK activation. We are currently still assessing other pathways, but have
fulfilled the tasks for Aim 2.1. For the in vivo data we clearly that show that increase in
NIK signaling leads to and robust increase in tumorigenesis in a CAC model (progress
report year 1). However, disruption of NIK signaling also leads to increase tumors in a
CAC model (progress report year 1). Suggesting that NIK signaling is a rheostatic
mechanism in the colon and if dysregulate is essential in tumorigenesis which is preceded
by inflammation. Also we assessed the role of NIK in a sporadic colon cancer model.
Increased expression of NIK in sporadic colon cancer model also demonstrated an
increase tumorigenesis similar to the CAC. Disruption of NIK decreased colon
tumorigenesis (Year 2 progress report). This a major difference in NIK’s role in colon
carcinogenesis.

Following Year 2 we asked for an 8-month no cost extension to provide additional data to
understand the mechanism by which NIK regulates colon tumorigenesis. We were able to
clearly show that NIK was essential in M-cell differentiation. M-cells are important
epithelial cells that directly sample bacterial changes in the gut and educate the mucosal
immune response. Intestinal epithelial cell differentiate to M-cells via the RANK ligand.
Using intestinal enteroid models we show that RANK ligand-induced differentiation was
completely attenuated following NIK deletion as assessed by qPCR of canonical M-cells
gene markers (SpiB, GP2, CCL20 and Anxa5) (Figure 1). Future studies are ongoing to
deplete M-cells and assess if this recapitulates what is observed following NIK
disruption.
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Figure 1: Intestinal enteroid differentiation to M-cells. Intestinal enteroids were




derived from NIK knockout mice (NIKA™) or wild-type littermates (NIK™'") and treated
for 24-hours with RANL ligand. QPCR analysis was performed for M-cells markers.

Key research accomplishments:

-Identified mechanism of NIK regulation in colon tumors.
-NIK has an essential role in sporadic tumorigenesis.
-NIK disruption in intestinal epithelial cells leads to decrease M-cells.

IMPACT:

Our data shows that in mouse models of colitis and colitis-associated colon cancer, and in
patients with ulcerative colitis and Crohn’s disease, the expression of NIK and p52 were
highly induced in intestinal epithelial cells suggesting a potential role for NF-xB2
pathway in intestinal inflammation and cancer. Intestinal epithelial specific disruption of
NIK resulted in increased susceptibility to mouse models of colitis. Mechanistically,
disruption of NIK in the epithelial cells resulted in loss of follicle associated microfold
(M)-cells and decrease in lymphoid associated B-cells. The defect in M-cell
differentiation following NIK disruption results in increased inflammatory response to
microbiota upon DSS treatment. Consistent with this data, antibiotic treatment
significantly attenuated DSS-induced colitis in mice with epithelial disruption of NIK.
Further work in colon cancer models demonstrated that NIK signaling has a dual function
in colorectal tumorigenesis. NIK protects intestinal epithelial cells against colitis-
associated colon cancer. Epithelial disruption of NIK results in enhanced colitis-induced
epithelial damage and inflammation, which potentiates colon tumor formation.
Interestingly, disruption of NIK in established colon tumors reduces tumor burden. Thus,
epithelial NIK suppresses inflammation-associated epithelial damage and tumorigenesis
but contributes to the proliferation and survival of tumor cells. Further analysis is
underway to determine if non-canonical NF-xB2 pathway regulation of M-cell
differentiation is critical in colon cancer progression.

CHANGES/PROBLEMS:
Nothing to report

PRODUCTS:

Huabing Zhang presented an abstract at the 2014 University Michigan Cancer Center
Symposium, GI Peptide Symposium, Cancer Center Retreat, and Molecular & Integrative
Physiology Research Symposium. Title: NIK Modulates Intestinal Homeostasis and

Inflammation.

Xiaoya Ma presented the work at a Gut group meeting. Title: NIK an essential link
between epithelial cells and mucosal immune response in colitis and cancer.




We are presently preparing two manuscripts for publication. The colitis aspect will be
submitted to Immunity in the next 2-3 months, whereas the colon cancer data will be
submitted to Cancer Cell in the next 5-6 months.
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